OWING to recent improvements in surgical technique the chances of successful intervention in bronchial carcinoma have much improved, and the need for early diagnosis has correspondingly increased. The early recognition of mahgnancy, however, may be very difficult and it is hoped that the method described in this paper may be a help towards diagnosis. It In 1935 Dudgeon and Wrigley pubfished details of a simple staining method that could be used on sputum films, in which they employed haemalum and eosin. They also described some varieties of neoplastic cell found in the sputum. Subsequent papers (Dudgeon, 1936; Barrett, 1938) enlarged upon the original work. At about the same time, Gloyne (1937) described the cytology of sputum with special reference to neoplastic cells. Since then, papers on the subject have
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Received for publication December 5, 1953. OWING to recent improvements in surgical technique the chances of successful intervention in bronchial carcinoma have much improved, and the need for early diagnosis has correspondingly increased. The early recognition of mahgnancy, however, may be very difficult and it is hoped that the method described in this paper may be a help towards diagnosis. It does not replace histological examination of material removed at bronchoscopy, but when no tumour can be seen through the bronchoscope, or when histological examination reveals no tumour tissue it can be of great value.
When there is some contra-indication to bronchoseopy, the demonstration of carcinoma cells in the sputum may be the sole means of estabhshing a diagnosis.
The demonstration of atypical epithehal ceRs in the sputum of a patient suffering from bronchial carcinoma is not new. Hampeln in 1887 described a case in which such cells were found. The same writer (1897) In 1935 Dudgeon and Wrigley pubfished details of a simple staining method that could be used on sputum films, in which they employed haemalum and eosin. They also described some varieties of neoplastic cell found in the sputum. Subsequent papers (Dudgeon, 1936; Barrett, 1938) enlarged upon the original work. At about the same time, Gloyne (1937) described the cytology of sputum with special reference to neoplastic cells. Since then, papers on the subject have been pubhshed in a number of countries, including Britain (Gowar, 1943; Bamforth, 1946; Schuster, 1947; Perrin and Littlejohn, 1950) , America (Herbut and Clerf, 1946;  McKay, Ware, Atwood and Harken,'I948; Liebow, Lindskog and Bloomer, 1948; Papanicolaou, 1949; Foot, 1952) , Germany (Schmidtmann and Sauer, 1952) , Russia (Altgauzen, 1939) and Denmark (Wandall 1943 (Wandall , 1944 . The lastmentioned paper is quite outstanding and forms a valuable work of reference on this subject. It has a full bibliography, particularly of the continental literature.
The proportion of cases of bronchial carcinoma that can be discovered by sputum examination has varied in the hands of different workers. For example, Perrin and Littlejohn (1950) The methods described in this paper can be used for examining either sputum or bronchial secretion aspirated through a bronchoscope. Herbut and Clerf (1946) point out that patients with early bronchial carcinoma frequently have no sputum and advocate the examination of bronchial secretion. In my hands the examination of sputum has been more successful and has sometimes been positive when examination of bronchial secretion has yielded a negative result. One virtue of sputum examination is that it causes no discomfort to the patient.
The purpose of this paper is to present photographs and descriptive notes of the cells found in the sputum in both mahgnant and non-malignant conditions, to indicate those ceRs which have proved rehable in the diagnosis of bronchial carcinoma, and to stress the difficulties of the method, with special emphasis upon appearances which may lead to a false positive diagnosis. Details are given of the technique used, and the amount of time required for the examination is discussed.
I have been concerned with the diagnosis of bronchial carcinoma only, but carcinoma cells from growths in the upper respiratory tract may also be found in the sputum. For descriptions of these cells, the paper by Friedmann (1951) should be consulted.
In order to gain experience of the appearance of carcinoma cells during the first year -of this work, all bronchial carcinomata removed at operation or found at post-mortem were examined by making smears of the cut surface of the tumour. These were stained by both of the methods described in this paper.
The Sputum Specimen. It is essential that only true sputum, containing a large proportion of bronchial secretion, be examined. The routine is simple for patients who are in hospital. A specimen coughed up in the early morning, before any food or drink is taken, and before the teeth are cleaned, is sent to the laboratory. Very often, although the specimen is produced before breakfast, it is found to contain particles of food material unless the patient has been warned to eat nothing on waking. Specimens that contain particles of food visible to the naked eye should usually be rejected, but when a patient has very Rttle sputum, any specimen that can be obtained should be examined.
Out-patients can be given containers and instructed to bring their sputum in them, but it is important that specimens so produced reach the laboratory as soon as possible, and certainly within 24 hours of being coughed up, otherwise infection and autolysis may destroy the cytological picture.
Specimens sent through the post, particularly in the winter,. are occasionally satisfactory, but if long delayed they are useless.
The whole success of sputum examination for carcinoma cells depends in the first instance upon the selection of a suitable piece of the specimen for microscopical examination. In order that it may be clearly seen, the specimen is transferred to a Petri dish and examined against a dark background. A handlens may be of assistance.
Areas which contain a large number of macrophages cah usually be seen in a transparent specimen as circumscribed, globular, often pigmented masses which can be seen either with the naked eye or with the lens. These globular masses seem never to contain carcinoma cells -and are best avoided.
The parts of the specimen which are more likely to show carcinoma cells contain streaks or threads of white or greyish material. In particular, if there are minute threadhke pieces, just visible to the naked eye, which possess sufficient strength to resist breaking when stretched ' these should be selected for microscopal examination. This point was made clear to me by Mr. A. W. Smart at the London Chest Hospital, and I have proved its value many times. If the sputum contains pieces of tissue visible to the naked eye, these should be taken for examination, but such fragments are rarely found.
Dudgeon and Wrigley (1935) emphasise the fact that blood-streaked pieces of sputum, when they are present, should be selected. My experience bears this out, but it has been found that deeply blood-stained areas 'Seldom yield a positive result. A mucopurulent piece that is slightly tinged should be taken if it can be found.
If the specimen be frankly and uniformly purulent, then there is no alternative but to take a piece of it at random. Under these circumstances the chance of finding neoplastic cells is not good, but on occasion they may be found, and are often of squamous type.
It has been found that sputum produced during the first few days after the patient has had a bronchoscopy is unsuitable for examination for carcinoma cells. It contains a great deal of cellular material shed from the tracheal lining and the chance of finding neoplastic cells is therefore reduced. I have made it a practice not to examine sputum until a week has elapsed after bronchoscopy.
The most suitable instrument with which to handle sputum is a pair of dissecting forceps that have been sharpened to a point on a grindstone. After a little practice, minute pieces of the specimen can be cut out and manipulated with ease.
The piece of sputum removed from the gross specimen is placed on a slide, thoroughly mixed with the help of the forceps, and half of it transferred to a second slide. One of these is stained with methylene blue (see below), and the other smeared carefully into as even and thin a layer as possible, and placed while still wet into fixative preparatory to staining with haemalum and eosin.
It is essential that precautions be taken to avoid disseminating infection from tuberculous sputa. The (Fig. 1) Sometimes groups of bronchial epithelial cells are seen which differ from those described above. They are disorderly, show no cifia and have a vacuolated cytoplasm, the vacuoles displacing and distorting the nucleus so that it appears crescentic in shape (Fig. 4) Macrophages are constantly found in the sputum in large or small numbers, and are sometimes rather difficult to distinguish from carcinoma cens.
Many macrophages contain dust particles, which appear as black or brown granules in the haemalum and eosin-stained preparation, and as black, greenish, or purple granules in a film stained with methylene blue. Sometimes in a film stained by the latter method, the macrophages are seen to contain a large number of highly refractile fat droplets. The presence of dust particles in a cell enables it to be identified as a macrophage, but confusion may arise through the presence of free dust particles overlying a cell and giving the impression of being contained within it.
Macrophages vary a great deal in size. Normally they are from 10 to 50 microns in diameter, but, exceptionally, large forms occur. As a general rule, they are more or less circular in outline, but this feature is bv no means constant and they assume a variety of shapes. Spindle shaped and crescentic forms are not uncommon, and occasionally they may assume a tadpole-fike shape, and may thus be confused with some types of carcinoma cell if shape alone be relied upon for identification. Usually the cytoplasm is eosinophilic when stained with haemalum and eosin, but 'it may stain somewhat brownish owing to the presence of ingested particles. With methylene blue, it is usuall' stained blue y but when there is a large amount of ingested material the colour may be anything from green to pinkish purple. Wben the cytoplasm contains no dust, it has a foamy -appearance which is helpful in the identification of these cells.
There is no constant number of nuclei in a macrophage. Mononuclear forms are most frequently seen, but two nuclei are not uncommo'n, and cells are occasionally found which contain five or more.
The characteristics of the individual nucleus of the macrophage are fairly constant and are a considerable help in their identification. The nucleus is about 10 microns in diameter and is sometimes circular in outhne but is more often flattened along one side or even reniform. It is normaRy eccentric and often touches the periphery of the cell with the convex border to the outside. Almost always it occupies considerably less than half of the ceH area.
The nucleoplasm is not weR show-n in the methylene blue preparation, but in the film stained with haemalum and eosin it is seen to be fairly clear, with an ob-vious perinuclear membrane and usuaRy a single smaR nucleolus. Fig. 5 and 6 show macrophages'. Those in Fig. 6 (Fig. 25) . Fig. 25 .-Cells from squamous cell carcinomata that give the appearance of wrinkling of the cytoplasm.
Often, squamous carcinoma cells show a series of irregular concentric lines in the cytoplasm, which appear to be minute folds. These may be seen most commonly at the periphery, but they may also occur round the nucleus.
Although they are seen to the best advantage in the methylene blue film, they show in the permanent film as well.
Another feature frequently seen in the methylene blue film is a mass of minute refractile bodies which are usually disposed in a circular manner round the nucleus. On close inspection, the individual particles sometimes appear to be angular in outhne rather than circular. They stain with sudan III, and are therefore hpoid in nature. Provided that they are clearly distinguished from the dust particles and oil droplets (which are larger and obviously circular in outline) that are seen in macrophages, these particles are useful contributory evidence of carcinoma (Fig. 2 4) .
The nuclei of squamous carcinoma ceRs have few constant features. In fact, they show an extreme degree of variability in size, shape and staining density. Usually, the nucleus of a carcinoma cell is larger in relation to the size of the cell than is that of a normal epithelial cell (Fig. 12) The six drawings, and those in Fig. 25 , indicate the variations in nuclear staining density and character that may be seen in preparations made by this method.
As a general rule, the nucleus stains densely, and not infrequently it appears nearly black (Fig. 10, 11 ). This extreme degree of hyperchromasia may also be seen on occasion in any degenerate epithehal cell, and is not, in itself, diagnostic (Fig. 35) . Where the chromatin pattern is visible, it nearly always appears coarse and lumpy, as opposed to the much finer pattern of normal epithelial cells (Fig. 8, 12 ). These observations apply to both the methylene blue and the haemalum and eosin preparations. Occasionally, the nucleus hardly stains at all, and can be seen only as a faint outline. (Fig. 36) . Often therefore such cells must be considered to be inconclusive as evidence of carcinoma as it is impossible for the examiner to be sure that the including ceR is not a macrophage (see Fig. 32 and 33 which were seen in films of sputum from patients suffering from bronchial carcinoma of squamous cell type). Though the phenomenon of cell inclusion is bound to arouse suspicion of carcinoma, the including cell must show other characteristics associated with malignancy before it can be considered to provide reliable evidence of the condition. Such a cell is shown in Fig. 21 Frequently the clumps tend to be elongated. Mention has already been made of the fact that macrophages may also be seen in clumps, and these also may be elongated, but here the individual ceRs differ considerably, and can be recognised by the relative sizes of the nuclei, even though the macrophages contain no dust particles. In the methylene blue preparation, oat cells usually stain much more densely than do macrophages.
When stained with haemalum and eosin, oat cells tend to be fairly constant in their characteristics. The cvtoplasm is geanty, forming at the most a thin rim round the nucleus, which nearly fills the cell. In niany cells, no cytoplasm at all is seen: in others, when the clump is examinedLinder the -J--inch objective, cell borders cannot be defined, the ceUs appearmg to form a svncvtiiim. The cytoplasm when seen stains pink with eosin.
The nucleus stains deeply with haemalum, and is seldom circular as the nuclei of neighbouring cells indent each other, giving the appearance of having been pressed together. This feature is of great importance in the identification of these cells, and in conjunction with the clumpiing and relatively large nuclear size, appears to be diagnostic and makes the ceRs easy to recognise. The nuclear chromatin is usually clearly defined when thecell is seen under the -!--inch objective, and is reminiscent of the appearance of the, reticulum of a stained reticulocyte. Less (Fig. 30) , anaplastic carcinoma and adenocarcinoma (Fig 31 The results of sputum examination for carcinoma ceRs in these patients are shown in Table I . All sputum examinations were carried out without prior knowledge of the patient's conditi'on, as only by this means was it possible to test the value of the method. Total number of specimens examLined from these 65 patients 114 Mean of number of specimens examined in sputum negative patients Thus, considering only the cases that were correctlv diagnosed, 163 specimens were examined from 95 patients, giving a mean of the number of specimens exami-ned per patient of 1-71. If two films are made from each specimen, and the time taken to examine each film is 20 minutes, then the time spent upon each patient is a httle over 1 hour.
It has.been stated earlier that it is often possible to indicate the predominant cell type in a bronchial tumour from sputum examination, and it is my practice to do this wherever possible. Unfortunately, histological confirmation of this finding is often lacking as in many cases no biopsy is performed. Among those in which there has been a histological examination, there has been agreement between histological and cytological diagnosis of the predominant cen type. CONCLUSIONS.
In the present series of 123 patients, there were 106 in whom the diagnosis was known at the time of writing. Of these, 39 were shown to be suffering from bronchial carcinoma and 67 had other conditions with no evidence of a bronchial tumour. Of those who had carcinomata, 30 (76-9 per cent) showed carcinoma cells in the sputum.
Sputum specimens from two patients in the series were wrongly reported as positive. One of these patients complained of haemoptysis but recovered rapidly and subsequently showed no evidence of any lung lesion. His sputum contained a great deal of eosinophihc cell debris which was thought to be the remains of necrotic carcinoma cells. The other patient suffered from severe haemoptysis and one sputum specimen showed the clump of cells apparently surrounding a vacuole which is shown in Fig. 41 . He died and at post-mortem examination was diagnosed as having suffered from haemorrhagic bronchitis, no evidence of carcinoma being found.
The films from both patients have been reviewed. Those from the first would not now be considered suggestive of carcinoma as the cells showed no other appearance associated with mahgnancy. It is considered that this mistake was due to lack of experience. The clump of cells from the second patient would still be held to be suggestive of carcinoma if seen again, which indicates that the method has limitations. Further investigation is required into the significance of clumps of cells of this type.
It ha-s been my experience that when a confident diagnosis of carcinoma can be made from sputum examination', it is usually possible to tell the predominant cell type in the tumour, and so far, when there has been an opportunity for histological confirmation, this has been show'n to be correct.
It has been stressed that in a series of this type, it is possible that misdiagnoses of carcinoma may go undiscovered because the proportion of positive cases is high. It is not certain that there are no such mistakes in the present series but since only about one third of the patients were in fact suffering from bronchial carcinoma, the chances are in favour of such errors being discovered.
It is necessary that the limitation of a diagnostic technique of this type be clearly understood. A negative finding is of no significance in the exclusion of carcinoma, and may be due simply to the fact that the miinute portion of the specimen chosen for examination contains no cells that can be recognised as malignant. This is likely to be the commonest cause of failure. Or the tumour may not be shedding any neoplastic cells into the lumen of the bronchus. It has already been pointed out that one false positive diagnosis has been made in the present series on the evidence of a clump of cells which resemble cells seen in carcinoma so closely that the writer finds it impossible to distinguish clearly between them. It would therefore be unrealistic to rely upon a method of this type in cases in which histological methods can be used.
The fact that sputum examination is not generaRy satisfactory during the first week after bronchoscopy has been performed makes it necessary that specimens be sent to the laboratory before this procedure is undertaken as otherwise, if no tumour is found at bronchoscopy, a week is wasted before specimens suitable for cytological examination can be obtained. Lymphocytes, when they are present, are commonly single, but may show clumping as in the illustration, in which case they bear a superficial resemblance to oat cells. The precise difference between the'two will be noted when the latter cells are described. See Fig. 27 and 28. (Fig. 8 to 31 ). (a) Ce118 a880ciated with carcinoma of predominantly 8quaMOU8 Cell type (Fig. 8 to 26) . Fig. 8 Fig. 37 ), but the very large size of both this cell and its nucleus and the coarse chromatin pattern make cells of the type shown reliable as an indication of carcinoma. Fig. 13, 14, 15 Fig. 9 , which is taken from another part of the same film. Fig. 19 Fig. 36 ). Often, when this phenomenon is seen, it is impossible to decide whether the enclosing cell is a macrophage or a carcinoma cell (see Fig. 32 and 33) .
In the present case, however, the giant size of the cell and the large hyperchromatic nuclei make it clear that both the including and the included cells are carcinoma cells. Fig. 22 Fig. 41 and 42, which were both thought to be strongly suggestive of carcinoma, were from patients who had no other evidence of carcinoma at the tiirne, and in one of whom there wa-s later no post-mortem evidence. The other has been followed for nine months and has developed no sign of a tumour. Fig. 22 (Fig. 32 to 34 ). Fig. 32 (Fig. 35 to 43 ). Fig. 35 .-A group of epithelial cells showing a considerable degree of pleomorphism and nuclear degeneration. This is the most confusing appearance that has been seen in the whole series. The cells resemble carcinoma cells closely, but in no case is the nucleus large. This field, and the three that follow, were from the sputum of a single patient, in whom a positive diagnosis was made as a'result. No treatment was instituted, and he has now been followed for over a year without any evidence of carcinoma developing. Fig. 21, 32 
